ME  FILE  copy  |i  ADA127528 


DEPARTMENT  OF  DEFENCE  SUPPORT 

*  v  V 

D&ENC?  SCIENCE  AND  TECHNOLOGY  ORGANISATION 
MATERIALS  RESEARCH  LABORATORIES 

|MliGUM(t,VtCTOMA 

TECHNICAL  NOTE 

dCODOSPl  I I* 

MRLTN-467 


PYROTECHNIC  SNITCH 

6.0.  Holt 


i 

i 


iced  From 
liable  Copy 


Hgyrwrt  for  Mile  MU»t 


©  COWMOWWtAitX  Of  AOmiAUA  1RR2 


83  05  03  OUT 


~tnt y*»’- 
/ 


DEPARR€NT  OF  DEFENCE  SUPPORT 
MATERIALS  RESEARCH  LABORATORIES 


TECHNICAL  NOTE 

MRLTN-467 


PYROTECHNIC  SWITCH 
6.D.  Holt 


ABSTRACT 


A  pyrotechnic  switch  which  is  non-conducting  before  actuation 
and  fully  conducting  after  actuation  has  been  developed.  The 
switch  utilises  the  principle  that  a  pyrotechnic  ccepoeition 
containing  oxides  and  a  fuel  has  a  very  high  electrical  resistance 
prior  to  ignition.  However,  after  ignition  the  oxide  is  converted 
to  a  low  resistance  natal  slag  which  nakes  contact  between  two 
points  in  a  switch. 
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-^A  pyrotechnic  switch  which  is  non-conducting  bafors  actuation  and 
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fully  conducting  sftsr  actuation  has  been  developed.  The  switch  utilises  the  principle 
that  a  pyrotechnic  coaqposition  containing  oxides  and  a  fuel  has  a  vary  high 
electrical  resistance  prior  to  ignition.  However,  after  ignition  the  oxide  is 
converted  to  a  low  resistance  natal  slag  which  makaa  contact  between  two  points 


in  a  switch. 
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APPENDIX  A  COMPOSITION  AMD  PRESSING  DETAILS 


FTHOTICHHIC  SWITCH 


i.  xwntooocrroH 


A  sisple  pyrotechnic  switch  was  designed  to  ara  an  alactrical  iepact 
firing  circuit  for  a  props 1 lan t  launch ad  pyrotechnia  a tors,  tha  ooncapt  for 
tha  switch  cal lad  for  flaws  ignition  of  a  safety  do lay  followad  fay  tha 
alactrical  arming  of  tha  firing  circuit  outlined  in  Fig  1*  Tha  arming 
function  of  tha  switch  was  designed  to  be  initiated  from  hot  gases  which 
propel  tha  store  to  flight.  During  flight,  tha  pyrotechnic  train  within  the 
switch  burns,  giving  a  safety  delay,  followed  by  closing  of  tha  alactrical 
contacts,  tha  switch  had  to  be  robust  to  survive  tha  planned  use  of  tha  store 
and  any  accidental  shock,  sudden  movement  or  static  alactrical  hasard. 


2*  ogmomarr  or  th«  switch 


the  design  of  a  pyrotechnic  switch  was  based  on  tha  fact  that  tha 
initial  mixture  of  metal  oxides  and  fuel  ara  non-conducting.  However,  they 
can  be  readily  cor, verted  to  a  highly  oonductivs  metallic  slag  by  a  simple 
pyrotechnic  reaction.  This  concept  can  be  used  to  close  two  alactrical 
contacts  and  thus  ara  a  firing  circuit. 


To  satisfy  tha  design  requirements,  a  pyrotechnic  fuse  train 
utilising  exothermic  reactions  resulting  in  a  conducting  solid  was 
investigated.  »e liability  of  ignition  within  the  train,  incorporation  of  a 
time  delay,  electrical  oontact  points,  materials  of  construction,  composition 
of  pyrotechnic  ante rial,  aase  of  manufacture  and  handling  properties  wars 
studied.  ! 


3.  COMPOSITION  EVALUATION 


A  typical  exothermic  reaction  occurs  with  a  stoichiometric  mixture 
of  a  metal  oxide  and  a  fuel  such  as  boron.  For  example,  the  following 
reaction  at  ateoepheric  pressure  can  be  considered  typical. 

2B  ♦  3PbO  ♦  B203  ♦  3Pb  fH  -  -  6.11  x  105J 

♦ 

non-conducting  conducting 

The  heat  generated  from  the  reaction  will  raise  the  tsnperature  of 
the  reaction  products  to  a  high  level.  If  the  hea*  of  reaction  is  too  great, 
the  metallic  products  (lead  in  this  example)  may  ,cporize  and  subsequently 
condense  in  areas  other  than  across  the  contact  pint.,  thereby  failing  to 
produce  a  satisfactory  electrical  contact. 


1b  utilise  this  type  of  reaction  at  atmospheric  pressure  it  is 
important  that  the  conducting  product  (the  metal)  does  not  vaporize.  In  the 
given  example  the  temperature  la  limited  to  about  1700°C  by  the  boiling  point 
of  the  products. 


The  first  switch  considered  utilized  boron/lead  oxide  (B/PbO) 
composition,  pressed  onto  the  contact  pins  of  a  glass-metal  saal.  The 
boron/lead  oxide  composition  was  ignited  from  a  6  strand  multicore  delay 
element  made  from  lead  tube  and  filled  with  boron/bariua  chromate  (B/BaCrO.) 
composition.  To  ensure  reliable  ignition  of  the  multiccre,  an  Increment  of 
boron/bariua  chromate  (B/BaCrO^)  was  pressed  on  top.  The  boron/bariua 
chromate  (B/BaCrO^)  composition  was  selected  due  to  its  even  burning 
characteristics  and  ignitability.  Early  trials  using  this  configuration 
indicated  that  the  lead  released  during  the  boron/lead  oxide  reaction 
vaporized  away  from  the  contact  pins,  opened  vent  holes  through  the  multicore 
delay  element  and  condensed  well  away  from  the  contact  pins.  Various 
configurations  failed  to  prevent  this  and,  to  overcome  it,  a  number  of 
alternative  compositions  were  considered,  each  generally  having  a  lower 
enthalpy  of  reaction.  The  metallic  products  from  each  reaction  had 
considerably  higher  boiling  points,  while  still  providing  a  low  resistance 
path  between  contact  pins  after  reaction.  The  compositions  tested  are  listed 
in  Table  1. 


The  most  satisfactory  ccjposition  was  boron/iron  oxide  (B/Fe304), 
the  reaction  of  which  proceeds  as  shawm 

3Pe304  ♦  8B  ♦  4  B203  ♦  9Fe  .  fH  -  -  1.93  x  106J 

Iron  has  a  boiling  point  of  about  3,000°C  and  the  above  reaction 
proceeded  with  a  lower  heat  output  to  produce  a  porous  but  firm,  metallic  slag 
with  low  electrical  resistance. 
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Although  electrical  contact  between  the  plus  mi  estab*  la  had  on  each 
occasion,  inspection  revealed  that  the  Metallic  residue  froa  the  reaction  had 
"kicked -bach*  from  the  base  of  the  glass-actal  seal.  Ibis  effect  on  the 
residue  or  bed  was  attributed  to  a  pressure  build-up  at  the  glass-natal 
saal/eoapoeition  interface,  forcing  the  products  of  the  reaction  bade  froa  the 
base  of  the  switch. 

To  Miniaise  this  undesirable  effect  four  snail  vent  holes 
(0.8  an  die)  ware  drilled  through  the  brass  tube  to  the  Interface  between  the 
glaas-netal  seal  and  the  composition.  Any  pressure  build-up  forward  of  the 
reaction  front  could  then  escape  to  ataoephere*  After  several  trials  it  was 
found  that  the  vent  holes  had  ell vine tad  any  further  evidence  of  the  "kick¬ 
back"  effect. 


As  die  switch  was  required  to  be  open-circuit  initially,  non¬ 
conducting  starting  materials  were  used  in  the  pyrotechnic  train.  The  initial 
resistance  across  the  contact  pins  was  found  to  be  consistently  greater  then 
100  k  0.  After  reaction  of  die  composition,  die  resistance  across  the  contact 
pins  was  reduced  to  leas  than  0.1  0  ea  shown  in  Table  XX. 

Various  daisy  tiaaa  could  than  ba  iaplenanted  by  diffarent  aaonnts 
of  pressed  composition  used  in  the  pyrotechnic  train.  To  ensure  that  the 
pyrotechnic  train  retained  its  pressed  charactartistice  an  interference-fit 
inverted  copper  detonator  oep  with  a  centrally  drilled  2.8  an  die  hole  was 
preseed  onto  the  pyrotechnic  train.  A  further  increment  of  8*8  40  wee  then 
pressed  into  die  cep  to  ooaplete  die  pyrotechnic  train  as  shown  in  tig.  2. 


S.  PTROTBCHMXC  TRAIN 


In  order  to  ensure  reliable  ignition  of  the  boron/iron  oxide 
ooaposition,  e  0.150  g  increment  of  8R92  was  pressed  onto  the  composition.  As 
the  design  of  the  switch  required  it  to  be  Ignited  froa  a  flaaa  or  hot 
propellant  gas  source,  two  increments  of  gunpowder  were  pressed  onto  the  top 
of  the  8R92  composition.  The  pyrotechnic  train  then  consisted  of  8*8  40 
( Gunpowder)  -  8R92  -  B/fsjOj  composition  as  shown  in  Fig  2. 

various  dalay  tints  oan  then  be  achieved  by  varying  the  aaount  of 
pyrotechnic  constituents  used  in  the  train.  A  typical  arming  da  .'.ay  of  0.10  to 
0.27a  can  readily  ba  achieved  by  varying  the  aaount  of  gunpowder  (8*8  40)  froa 
0.03  to  0.10  g.  A  variation  in  8*8  40  froa  0.03  g  to  0.10  g  resulted  in  the 
delay  time  Increasing  froa  105  me  to  274  as  es  shown  in  Table  XXX.  Longer 
delay  tiaaa  oan  ba  obtained  by  varying  the  aaount  of  8R92  or  by  Including  a 
segment  of  aultieore  dalay  as  shown  in  rig.  3. 


6.  IBBOLTB 


k  aaaber  of  switch**  war*  manufactured  «nd  tasted  usina  th*  design 
■hewn  in  rig  3*  S*wsr*l  oospositions  (list*d  in  Tsbl*  I)  war*  conoids r*d  end 
evaluated  for  their  suitability*  Both  boron/l*«d  oxide  (B/PbO)  and 
boron /cupric  oxld*  (B/CuO)  compositions  war*  found  unsuitable  due  to  th* 
problan  of  th*  r*l*as*d  natal  vaporising  during  th*  reaction  and  wanting  away 
b*for*  a  conducting  bad  could  b*  formed  across  th*  contact  pins*  Clo*« 

•xaai nation  revealed  that  th*  natal  products  fro*  each  reaction  had  cond*ns*d 
around  th*  walls  and  want  holes*  but  had  failed  to  produce  a  p*raan*nt 
conducting  bed  across  th*  contact  pins* 

Th*  ooaposition  boron /bariu*  chroma t«  (B/BaCrO^)  was  found  to 
produce  a  strongly  conducting  bad.  Clos*  inspection  revealed  that  th*  bed  was 
brittl*  and  susceptible  to  crumbling* 

Compositions  B/BiO/CrjO,  (SR92)  and  B/FsjO,  on  reaction  both  formed 
conducting  metallic  bads  with  resistances  less  than  0.5  0,  clos*  inspection  of 
th*  b*d  characterivtics  revealed  that  they  war*  firs,  not  susceptible  to 
enabling*  and  foraad  a  solid^  conducting  bridge  across  th*  contact  pins  of  th* 
switch. 


7.  rnai.  dbsigw  or  pyrotbchhic  switch 


k  pyrotechnic  switch,  which  n**ts  th*  requirements  outlined  in  the 
introduction  has  been  developed  end  tested*  Th*  cospositions  chosen  for  use 
in  th*  switch  are: - 

(s)  SPG  40  -  to  provide  ignition  of  the  switch  fro*  hot  gases* 

(b)  SB  93  -  prising  composition  for  the  switch  ooaposition,  and 

(e)  B/r*304  -  switch  ooaposition 

Th*  operating  tins  of  th*  switch  can  ba  varied  from  0*1  to  0*27 
seconds  by  varying  th*  amount  of  SPG  40  present.  If  a  longer  tin*  delay  is 
required*  a  segment  of  multi  cor*  delay  nay  ba  inserted  into  the  pyrotechnic 
train. 


rilling  and  assembly  details  of  both  type*  of  switch  (as*  Pigs  3 
and  3)  axe  given  in  Appendix  A* 


4 


-A-.a--rdl— .  .  iS*'  -  C4.'  ■  ■  *  -  '  ■  >  "'-4 A 1  '* •  W  i  ■  ■  .**». 


6.  CONCLUSIONS 


k  reliable  pyrotechnic  switch  ha*  been  developed  which  can  be  used 
as  a  safety  arming  device  in  an  electrical  circuit  where  a  time  delay  is 
required.  The  switch  as  developed  is  designed  to  be  initiate  from  a  flame. 
However,  this  could  be  modified  to  allow  ignition  by  other  source,  such  as 
electric  (bridgewire).  stab,  or  percussion  cap.  the  switch  incorporates  a 
pyrotechnic  delay,  the  operational  tins  of  which  oan  be  varied  depending  on 
the  choice  of  pyrotechnic  cospoeitions. 
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TABLE  Z 


COMPOSITIONS  EVALUATED 


COMPOSITION 

RESULT 

EVALUATION 

B/PbO 

Lead  vaporised,  no  bad  foraad. 

Unsuitable 

B/CuO 

Copper  vaporised,  no  bad  foraad. 

Unsuitable 

B/BaCr04 

Brittle  conducting  bad  foraad. 

Unsuitable 

B/BiO/Cr203 

(SR92) 

Fira  conducting  bad  foraad. 

Suitable 

B/fe304 

Fir*  conducting  bad  foraad. 

Suitable 

TABLE  IX 

RESISTANCE  EVALUATION  OF 
BORON/IRON  OXIDE  {3/Fw^O^  SNITCH 


SNITCH 

NO. 

RESISTANCE 
BEFORE 
FIRING  (kQ) 

RESISTANCE 
AFTER 
FIRING  (0) 

B1 

255 

<  0.1 

B2 

114 

<  0.1 

B3 

171 

<  0.1 

*4 

141 

<  0.1 

*5 

126 

<  0.1 

*1 

168 

<  0.1 

*2 

123 

<  0.1 

r3 

159 

<  0.1 

*4 

163 

<  0.1 

*5 

173 

<  0.1 

Appendix  * 
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COMPOSITION  AMD  PRESSING  DETAILS 


1.  COMPOSITIONS 


Z  B/Fa^O.  coapoaition  conaiated  oft 


Black  Iron  oxide  Fe,0. 

85% 

(by  weigit) 

Boron  (dried)  B 

15% 

(by  weight) 

IX 

SR92  coapoaition  conaiated  oft 

Boron 

12% 

(by  weight) 

Chronic  oxide 

22% 

(by  weight) 

Biaauth  oxide 

66% 

(by  weight) 

XXX 

B/BaCrOj  coapoaition  conaiated  oft 

Bariua  Chroaata 

90% 

(by  weight) 

Boron 

10% 

(by  weight 

Bach  coapoaition  prepared  by  hand  nixing  tha  ingredienta 
togathar  and  than  paaaing  four  tinaa  through  a  BS  Slava  Ho  60. 


1.  R3KS3ING  DETAILS 

X.  WITHOOT  HOLTICORE  DELAY  (Fig  2) 

a.  B/Fe.O^  coapoaition  added  in  two  incraaanta ,  each  of 
0.125  g  and  praaaed  to  14  MPa. 

b.  SR92  coapoaition  titan  addad  in  one  lncraaant  of  0.150  g 
and  praaaed  to  14  MPa. 

c.  SPG  40  than  addad  in  two  incraaanta,  tha  firat 
lncraaant  of  0.01  g  praaaed  to  14  MPa  followed  by  an 
inverted  copper  detonator  cap  with  centrally  drilled  2.8  an 

i  hole*  then  tha  renal ning  SPG  40  (0.04  g)  and  praaaed  to 

14  MPa. 

1  II  WITH  HPLTICORB  DELAY  (Fig  3) 

a.  B/PejOj  coapoaition  added  in  two  incraaanta,  each  of 

1  0.125  g  and  praaaed  to  14  MPa. 

b.  8R92  coapoaition  than  added  in  ona  lncraaant  of  0.150  g 
and  praaaed  to  14  MPa. 

e.  Multicore  delay  eleaant  than  addad  and  preaaod  to 
14  MPa. 

d.  B/BeCrOj  coapoaition  then  added  in  ona  incraownt  of  0.20  g 
and  praaaed  to  14  MPa. 

e.  0.05  g  of  SFG  40  than  addad  in  two  incraaanta,  the  firat 
lnereaant  of  0.01  g,  preaaod  to  14  MPa  followed  by  a  inverted 
copper  detonator  cap  with  centrally  drilled  2.8  aa  he la,  than 
the  regaining  SFG  40  (0.04  g)  and  praaaed  to  14  MPa. 
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IMPACT  FIRING  SWITCH 


— o 


MATCH-HEAD 


Ra  20 


PYROTECHNIC  SWITCH 
Ropen  »ioo*io3n 
R  closed 


-Ip! - 

2.S  V  POWER  SUPPLY 


Function 

1.  On  Ucnching  the  Pyrotechnic  Switch  is  ignited  fron  hot  gases. 

2*  After  tins  daisy  the  Pyrotechnic  Switch  closes ,  arning  the 
circuit. 

3.  On  iapact  the  Xapaet  Switch  closes,  igniting  the  Matchhead 
arJ  the  Kxploaive  Train. 


Pig.  1.  firing  circuit  utilising  the  Pyrotechnic  Switch 


Function 

1.  On  launching  hot  gases  ignita  tna  SPG  40. 

2«  Aftar  tlaw  da lay  tha  raaiatanca  across  tha  contact 
pins  drops  fro*  130-180  kQ  to  lass  than  .IQ. 

3.  Typical  tlar  da  lay  0.1  -  0.27  s.  Longer  tins  da  lays 
can  ba  accomodated. 


Fig.  2.  Da  tails  of  Fyrotachnle  Witch, 


MASS  7,04mm  00  x  4.8mm  ID. 


f 


MULTI -CORE  DELAY  ELEMENT 
[s/S«  CrQj] 


SR02 

F#3  O4/B  (S&. 

4k 0.8mm  VENT  HOLES 

OLASS/METAL  SEAL 


Fonction 


1.  On  launching  hot  gases  ignita  tho  SFQ  40. 

2.  The  pyrotechnic  chain  B/BaCr04  -  6  strand  load  aultioore 
(filled  with  B/BaCr04)  -  8K92  •  B/Fej04  barns  through. 

[  3.  Tins  daisy  governed  by  quantity  of  Materials  prassad  and 

length  of  salt! core  salactad. 


Tig.  3.  Pyrotechnic  Switch  with  aaltioora  daisy. 
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